. 7K = 1.75, a(2s)= -0.559 au; a(2p)= -0.312 au; a(H) -0.50 au.
8 For BH a(2s) = -0.909 au; a(2p) = -0.314 au; a(H) = -0.591 au. For BB a(2s) -0.920 au; a(2pr) = -0.189 au; a(2pir) = -0.179 au. 9 Newton, M. D., unpublished work. In all diatomics studied (CO, C2, B2) K7r was quite large. In C2 38 (internuclear distance that of ethane) Keg was 6.35, whereas in staggered ethane [Pitzer, R. M., and W. N. Lipscomb, J. Chem. Phys., 39, 1995 (1963) ] the same pair of orbitals (which can now interact with E' and E' symmetry orbitals formed from the hydrogens) had a relatively normal Kay of 2.31. It is tempting to speculate that in larger molecules where full valency is used, the Kay anomaly will disappear. If in these reactions an intermediate resembling I is formed, then a considerable amount of positive charge will be displaced to the carbon atoms of the cyclopropane ring in the transition state. Therefore, it might be expected that compounds II and III should behave upon solvolysis analogously to fl-deuteriurn-labeled compounds and would exhibit a rate-retarding kinetic isotope effect.
SECONDARY DEUTERIUM ISOTOPE EFFECTS
The results of this investigation are summarized in Table 1 together with some other kinetic data concerning related compounds. We find that methyl substitution on the ring produces a considerably larger rate effect than the corresponding phenyl substitution. However, a methyl group in ringposition 1 produces a smaller rate enhancement (fivefold) than has been previously reported.2' 10 A much larger acceleration (100 times) is caused by gem-methyl groups in ring-position 2.
We also find that in two critical cases (II and III) the secondary deuterium kinetic isotope effect is negligible.
It is possible that intermediates like I need not be invoked to explain the present data. However, in view of other evidence available on reactions of cyclopropylcarbinyl derivatives, it seems reasonable to explore whether or not our results can be accommodated by nonclassical-ion formation.
Secondary 0-deuterium isotope effects have been ascribed to hyperconjugative electron release from the carbon-hydrogen (-deuterium) bonds in the transition state of the solvolysis reaction.11 The isotope effect is small where this hyperconjugation is hindered or inhibited.12' 13 In terms of nonclassical carbonium ions, the failure to observe a kinetic isotope effect with II and III appears to correspond to the pronounced lack of phenyl substitution on the reaction rates. The usual over-all acceleration caused by a phenyl group in solvolyses reactions can be regarded as resulting from the combination of two opposing factors, an enhancing resonance effect and a decelerating inductive effect. In general, the former effect is more important than the latter. In order to explain the kinetic data, the possibility must be considered that in the transition state leading to a nonclassical ion resembling I, the usual conjugative stabilization of the incipient positive charge is not very important if the phenyl group is attached to the cyclopropane ring.
Our results can be explained by ascribing the observed rate accelerations to a favorable inductive effect of the methyl groups. The lack of a secondary deuterium isotope effect with II and III can then be interpreted as an absence of hyperconjugative stabilization of the delocalized positive charge by CH3-or CD3-groups.
To test this interpretation 1-methyl-d3-cyclobutyl chloride (IV) was prepared and its solvolysis rate measured. CD3
If in this reaction a classical tertiary carbonium ion (IVa) is formed in the ratedetermining step, it can be expected that the kinetic isotope effect will be similar in magnitude to that observed in solvolysis of other f-deuterated halides. If, however, the transition state actually leads to a bicyclobutonium ion (IVb) as suggested by Roberts and co-workers2 and if our hypothesis is correct (i.e., that charge delocalization results in a reduced hyperconjugative electron release from the neighboring CH3-resp. CD3-group), it might be expected that with IV the magnitude of this isotope effect may be significantly reduced. The solvolysis rate constants of IV and the undeuterated analogue were measured in 50 per cent ethanol at 50°. The results were kH = 8.30 10-4 sec-and kD = 7.58-10-4. sec-' (kH/kD = 1.09). In Table 2 Under broad conditions, as expressed in Theorem 1 below, rational functions which approximate on a point set E of the z plane to a function analytic on E and meromorphic in a region containing E have free poles which approach the respective poles of f(z). However, if the rational functions have an excess of free poles, the question arises as to the asymptotic behavior of those poles, and the possible effect on degree of convergence on E and elsewhere if those poles are suppressed.
The present note makes a modest contribution to this study, in both general theory and by specific examples.
